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ABSTRACT 

We present the X-ray spectra of 86 optically-identified sources in the f 3^ XMM- 
Newton/ Chandra deep field which have > 70 X-ray counts. The majority of these 
sources have 2-10 keV fluxes between 10~^^ and SxlO"^"* erg cm"^ s~^. The sample 
consists of 50 broad line AGN, 25 narrow emission line galaxies, 6 absorption line 
galaxies, and 5 Galactic stars. The majority (42/50) of the broad line AGN have 
X-ray spectra which are consistent with a power law shape. They have a mean 
photon index (F) = 2.0 ± 0.1 and an intrinsic dispersion err = 0.4 ± 0.1. Three of 
the broad line AGN show curved spectra, with more emission near the high and low 
energy ends of the spectrum relative to the emission in the 1-2 keV range than can 
be reproduced by the power law model. Five BLAGN show a deficit of soft X-rays, 
indicating absorption. We consider a source to be significantly absorbed if a power 
law model fit is rejected with > 99% confidence and an absorbed power law model 
produces an acceptable fit, or if the best-fit power law is abnormally hard (F < 1). 
Significant absorption is more common in the narrow emission line galaxies (13/25) 
and absorption line galaxies (2/6) than in the broad line AGN (5/50), but is not 
universal in any of these classes of object. The majority of the 20 absorbed sources 
have X-ray spectra consistent with a simple cold photoelectric absorber, but a 
significant minority (6/20) require more complex models with either an additional 
component of soft X-ray emitting plasma, or an ionised absorber. Of the 16 narrow 
emission line and absorption line galaxies which do not show evidence for X-ray 
absorption, only 2 objects are likely to be powered by star formation, and both 
have 2-10 keV X-ray luminosities of < 10"*° erg s~^. The X-ray emission in the 
other 14 unabsorbed NELGs and galaxies is most likely powered by AGN, which 
are not detected in the optical because they are outshone by their luminous host 
galaxies. The Galactic stars show multi-temperature thermal spectra which peak 
between 0.5 and 1 keV. Star/ AGN discrimination is possible for 4 of the 5 stars 
solely from their X-ray spectra. 
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1 INTRODUCTION 

The cosmic X-ray background (CXRB) is widely inter- 
preted as the integrated X-ray emission from many dis- 
crete sources. Active galactic nuclei (AGN) are expected 
to contribute the majority of the CXRB, and since the 
late 1980s the leading 'synthesis models' have invoked 
a combination of absorbed and unabsorbed AGN to re- 
produce the overall intensity and broadband spectral 



shape of the CXRB. Typically these synthesis models are 
based on AGN 'unification schemes' JAntonucci. 1993^ in 
which each AGN contains an obscuring torus, and the 
orientation to our line of sight determines the absorp- 
tion (e.g. ISetti fc Woltier. 1989t IComastri et al.. 19951: 
iGilli. Risaliti fc Salvati. 19991) . 

The energy density of the CXRB peaks at ~ 30 
keV, but the CXRB has only been substantially re- 
solved into sources at lower energies. In the 0.5-2 
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keV band, the deepest surveys with ROSAT resolved 
70-80% of the X-ray background into individual ob- 
iects, the maiority o f which are broa d-line AGN (e.g. 
iMcHardv et al.. 19981: iHasinger et al.. 19981 . Deep sur- 
veys performed with XMM-Newton and Chandra have 
increased the resolved fraction to 80-90% in the 0.5- 
2 keV band, and have also resolved a significant fraction 
(> 70%) in the 2-10 kcV ban d fe.g. iHasinger et al.. 200 ll : 
iGiacconi et al.. 2002: Alexander et al.. 200.^1 . The broad- 
band X-ray spectral properties of the objects detected in 
the XMM-Newton and Chandra surveys support the hy- 
pothesis that the majority of the CXRB is due to AGN 
with a wide range of photoelectric absorption. 

However, there have been a number of findings that 
are contrary to the assumptions and predictions of the 
synthesis models. Firstly, the optical and X-ray spec- 
troscopic characteristics of the X-ray sources are some- 
times discrepant. There are now many examples of AGN 
which appear to show photoelectric absorption from 
large column densities (> 10^^ cm~^) of material, but 
which exhibit little atten uation to their optical and ul- 
traviolet radiation ( e.g. iPaee. Mittaz fc Carrera. 200ll : 
iMaiolino et al.. 200 J) . On the other hand, there are also 
examples of AGN for which the broad optical emission 
lines are weak or absent, suggesting obscuration of the 
broad line region by dust, but which s how little or no ab- 
sorption in their X-ray spectra (e.g. IPappa et al.. 200ll : 
iRarcons et al.. 200.?l: iMateos et al.. 2005H1. 

Secondly the absorbed sources, and those without 
broad optical emission lines in their optical spectra (of- 
ten referred to as 'type 2' AGN), are typically found 
at l ower redshifts than predicted by the synthesis mod- 
els jBarger et al.. 2003r 2005: M-a^^T^^^^^^. This 
suggests that the absorption properties of AGN have some 
dependence on either luminosity or redshift, in contrast to 
the very simple geometric unification schemes employed 
in the earlier versions of the synthesis models, which 
were independent of luminosity or re dshift. However, this 
issue is still contr oversial (e.g. see iTreister et al.. 20041 : 
iDwellv et al.. 2005i) and determining the absorption char- 
acteristics of AGN as a function of redshift and luminosity 
is one of the most important objectives of X-ray survey 
science. 

The 13" XMM-Newton / Chandra deep field is a 
project to investigate the astrophysics of the major con- 
tributors to the CXRB, particularly sources around the 
break in the X-ray source counts where the contribu- 
tion to the CXRB per log-flux interval peaks. In or- 
der to understand the phenomena, processes and con- 
ditions in these sources we combine the high quality 
X-ray spectra of XMM-Newton with the precise posi- 
tions of Chandra and a host of other multi-wavelength 
data, including a deep 1.4 GHz s urvey from the VLA 
iSevmour. McHardv fc Gunn. 200l) . The 13" fleld is cen- 
tred at 13^34^37'' +37° 54' 44' \ ^as the loc ation of one of 
the deepest ROSAT surveys 



iMcHardv et al., 1998) and 
is a region of extremely low Galactic absorption (Nh ~ 
7 X 10^^ cm"^). 

In this paper we present t he European Pho- 
ton Imaging Cam era (EPIC, iTurner et al.. 20011 : 
IStriider et al.. 20011) spectra of the 13" sources that have 
been optically identified and which have sufficient X-ray 



counts to yield a meaningful X-ray spectrum. At present, 
this amounts to 86 sources. Throughout this paper we as- 
sume Hq = 70 km s"^ Mpc"\ f^A = 0.7, and fi™ = 0.3. 
We define a power law spectrum as dN/dE = AE~^ where 
A'^ is the number of photons, E is photon energy, F is 
the photon index and A is the normalisation. The source 
numbering scheme u sed here is identical to that used in 
iLoaring et al. (2005h . 



2 X-RAY OBSERVATIONS AND DATA 
REDUCTION 

The 13" field was observed three times with XMM-Newton 
for a total exposure time of 200 ks. When deadtime and 
periods of high background are excluded, the total live 
exposure time is 120 ks for the pn camera and 130 ks for 
each of the MOS cam eras. The XMM-Newt on observations 
are fully described in lLoaring et al. (2005^ . 

The EPIC spectra were produced from the same 
event lists, filtered with the same good time intervals, 
and using the same version of the XMM-Newton Sci- 
ence An alysis System (SAS 6 .0) as the source lists pre- 
sented in lLoaring et al. (2005^ . Spectra were produced for 
all optically-identified sources with > 70 source counts. 
Source counts were accumulated in elliptical regions cen - 
tred on the positions reported by iLoaring et al. (20051) . 
The size and ellipticity of each source extraction region 
was determined by the off-axis angle of the X-ray source, 
and its countrate. The point spread function is relatively 
symmetrical near the centre of the XMM-Newton field of 
view but becomes elongated in the tangential direction 
at larger off-axis angles. Therefore to optimise signal to 
noise the ellipticity of the source extraction regions in- 
creases with off-axis angle, from at the optical axis to 2 
near the edge of the field. The minor axes of our source re- 
gions vary from 10" to 20" depending on the overall source 
countrates. There are several pairs of sources which are 
close enough together that the nominal extraction regions 
would overlap. In such cases the two regions were renor- 
malised so that they do not overlap, with the ratio of the 
minor axes set to the ratio of the countrates of the two 
sources. 

AU valid event patterns (PATTERN 0-12) were used 
in constructing the MOS spectra. For the pn spectra, sin- 
gle and double events (PATTERN 0-4) were used for chan- 
nel energies > 0.4 keV, and only single events were used 
for lower energy channels. Channels close to the energies of 
the strongest instrumental emission lines (Cu-K at 7.8 keV 
in pn and Al-K at 1.7 keV in MOS) were excluded from 
the spectra. Response matrices and effective area files were 
constructed for each source region using the SAS tasks 
RMFGEN and ARFGEN respectively. For each source the 
different EPIC spectra were combined to form a single 
sp ectrum over the 0.2-12 ke V range, using the method 
of lPage. Davis fc Salvi f2003h . Spectra were grouped to a 
minimum of 30 counts per bin. 
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3 OPTICAL SPECTROSCOPIC 
IDENTIFICATION 

Optical spectroscopic observations were carried out in 
2002 and 2003 at the William Herschel Telescope, us- 
ing the AF2/WYFFOS multi-fibre positioner and spectro- 
graph, and at the W.M. Keck observatory, using the LRIS 
and DEIMOS multi-object spectrographs. At present, 115 
XMM-Newton and Chandra sources have optical spectro- 
scopic identifications and redshifts. Full details of the ob- 
servations and the optical spectra will be presented in 
Loaring et al. (in prep). 



4 RESULTS 

There are 183 sources with > 70 source counts in the 13^ 
field, 86 of which are optically identified. The majority of 
these identified sources have 2-10 keV fluxes in the range 
lO"^'^ - 5 X 10"^** erg cm~^ s~\ We have divided these 
86 sources into four categories according to their optical 
spectroscopic properties: 50 broad line AGN (BLAGN) 
which have one or more emission lines with full-width half 
maximum (FWHM) > 1000 km s~^, 25 narrow emission 
line galaxies (NELGs) which have emission lines of FWHM 
< 1000 km s~^, 6 absorption line galaxies which do not 
exhibit any emission lines in our optical spectra (hereafter 
simply 'galaxies'), and 5 Galactic stars. 

As a starting point for the X-ray spectral investiga- 
tions we fitted each spectrum with a power law model, 
and fixed Galactic absorption [Nh = 7 x 10~^^ cm~'^). 
The results of these fits are given in Table Q The indi- 
vidual spectra, grouped by optical counterpart type, are 
shown along with the best-fit power law models in figs. Q 
121 m and 21 In order to show the intrinsic shapes of the 
spectra, both the spectra and the models in figs. 15| |21 
and 0] have been divided by the product of the EPIC ef- 
fective area and the Galactic transmission on a channel 
by channel basis. For the sample size of 86 spectra, we 
consider a null hypothesis probability of 1% to be an ap- 
propriate threshold between acceptable and unacceptable 
goodness of fit. We now describe the EPIC spectral fits 
for each of the four optical spectroscopic subclasses. 



Table 1. Power law fits to the XMM-Newton spectra. A is 
the power law normalisation at 1 keV in units of 10 ~® pho- 



keV" 



z is the redshift of the source. P is the 



null hypothesis probability corresponding to X /i^- 



4.1 BLAGN 

The BLAGN represent the largest subsample, numbering 
50 sources. The power law model is quite successful for 
these sources: 42 can be fitted acceptably with the power 
law model, and 8 cannot. The mean best fit spectral index 
of the acceptably fitted sources is (F) — 1.90 ± 0.06. 

Inspection of Fig. reveals that the poorly fitting 
spectra deviate from a power-law shape in several differ- 
ent ways. Just over half of the poor-fitting spectra are 
relatively hard, (sources 40, 96, 101, 132 and 134), while 
the other three are relatively soft (sources 52, 65 and 
113). The hard spectrum sources could deviate from power 
law shapes because they are photoelectrically absorbed. 
Therefore, we refitted these spectra, including photoelec- 
tric absorption from cold gas at the same redshift as 
the AGN. To minimise the number of free parameters 
in the fit, we fixed the power law slopes at a 'typical' 
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Figure 1. X-ray spectra of the BLAGN (data points) together with power law models (black stepped lines). All spectra are shown 
in the observer frame. Both model and data have been divided by the product of the effective area and Galactic transmission as 
a function of energy. For those objects which required a more complex spectral model, this is shown as a grey stepped line. For 
sources 52, 65 and 113 the grey line is the two power law model. For sources 40, 96 and 134, the grey line is a power law with cold 
absorption intrinsic to the AGN. For source 101 the grey line is a power law with an ionised absorber, and for source 132 the grey 
line is an absorbed power law with an optically thin thermal plasma contributing at soft energies. 
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Figure mX-rai; spectra of the BLAGN continued 



BLAG N value of F = 1.9 and a ssumed Galactic abun- 
dances JAnders fc Grevesse. 1989) . The results are given 
in Table |5| For three of the sources acceptable fits were 
obtained, while for source 132 the fit was significantly bet- 
ter than the simple power law fit, though still rejected at 
99% confidence. However, for source 101 there was no im- 
provement to the x^ compared to the power law model, 
and the best fit column density is zero. For source 132, 
the largest contribution to y^ comes from the two lowest- 
energy channels, which are in excess of the model, while for 



source 101 there is a minimum around 0.7 keV (observed 
frame) which the model cannot reproduce. 

There are several reasonable modifications to the ab- 
sorption model that might better reproduce the spectra 
of sources 101 and 132. Firstly, there might be some ex- 
tra emission component at the softest energies. We tried 
two variants of such a model: one including an emission 
line component, modelled as a low temperature thermal 
plasma (mekal in XSPEC), and one including a compo- 
nent of unabsorbed power law emission. Soft X-ray emis- 
sion lines are prominent in the spectra of nearby Seyfert 2 



© 0000 RAS, MNRAS 000, 000-000 



6 Page et al. 



Source 1 



2 ^^i Source 20 



Source 56 




Source 62 



0.2 0.5 



O.S 0.5 



3 Source 66 




Source 76 


y ■ 





























0,3 0,5 



0.2 0.5 





1 






1 ' — 








Source 94 



? 


Source 100 


1 

r ■ 


i ,r 




: 




^ 








. ^ 


Source 109 


n*Vf 


^ 


\ 's 








& 'o 


J 


r 




^"^i' 


^^ 




- 


2 


^^^ 







0.3 



0.3 0.5 




Source 118 



7 

7 


Source 


-^ i F 
126 _J 


: 








s - 










>." 






^ 


2 








: 



Source 131 




Source 142 



Source 153 





Source 165 



Source 175 



\\,\L 



^^ 



,4i 



IaTI 




Source 186 



0.3 0.5 1 




f^- 








Source 213 - 

-—J , , : 



0.3 0.5 1 




Source 225 



Figure 2. X-ray spectra of the NELGs (data points) together with power law models (black stepped lines). All spectra are shown in 
the observer frame. Both model and data have been divided by the product of effective area and Galactic transmission as a function 
of energy. For those sources which were fitted with more complex models, the best fit is shown as a grey stepped line. For sources 62, 
66, 67, 76, 126, 142, 165, 213, and 222 the grey line is a power law model with cold absorption. For source 175 the grey line shows a 
power law with an ionised absorber, and for source 109 the grey line is an absorbed power law with a second, unabsorbed, powerlaw 
component. For sources 100 and 225 the grey line shows an absorbed power law with an optically thin thermal plasma contributing 
at soft energies. 
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Table [3 continued 
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1.7 X 10" 


-2 


62 


0.43 


omtUl 


n 10+0.15 


5/3 


0.18 




66 


0.29 


64+°'^^ 


26+°-^^ 

U-^D_0.14 


1/3 


0.77 




67 


0.34 


n 7„+0.09 


1 0+0.2 
^■^-0.2 


111 / 30 


3.0 X 10" 


-11 


76 


0.49 


1O+0-57 


11+010 
U-ii_o.08 


3/4 


0.60 




94 


0.85 


i.45+°:f. 


„ 21+009 


6/3 


9.8 X 10- 


-2 


100 


0.27 


o.52«:?^ 


n 28+0.17 


14/3 


3.6 X 10" 


-3 


103 


0.55 


1 c:i+0.15 
-'-■OJ-_0.14 


1 4+0-2 


29 / 18 


4.3 X 10" 


-2 


109 


0.57 


n c;q+0.09 


i-5lS:^ 


87 / 24 


4.7 X 10" 


-9 


115 


0.23 


1 «c:+0.14 


4.6tr4 


17 / 25 


0.88 




118 


0.06 


1 qc:+0.49 


qy+o-ii 


3/5 


0.76 




126 


1.09 


„ 42+0-68 
U.4^_0.70 


o.i3i°:Ji 


7/3 


7.2 X 10- 


-2 


131 


0.22 


2 03+°-51 


0.37lg:ii 


4/4 


0.36 




142 


0.31 


69+°" 
'-'■"-'-0.11 


i-4t;;:^ 


101 / 23 


9.2 X 10- 


-12 


153 


0.43 


1 07+0.57 


o.33J:°:- 


4/3 


0.22 




165 


0.56 


92+°!'' 

'^■^^-0.17 


i-ool°:^2 


26 / 13 


1.6 X 10- 


-2 


175 


0.36 


1 cfi+0.12 


4-6ir4 


68 / 34 


5.0 X 10- 


-4 


186 


0.81 


1 fin+°-32 

^■"^-0.30 


0.96lg:i« 


1/5 


0.94 




193 


0.12 


2 11+0.62 


0.63l°:^g 


2/4 


0.69 




200 


0.88 


1.36t°i^ 


0.801°:^° 


5/7 


0.62 




213 


0.80 


^■J^^-0.24 


1 o+°-3 


16/7 


2.4 X 10" 


-2 


222 


0.26 


r, 01 +0.22 
U-y^_0.22 


2 q+0.5 


17 / 10 


7.4 X 10- 


-2 


225 


0.26 


2 ns+on 


1 a+O-5 


17/4 


2.0 X 10- 


-3 


galaxies: 












37 


0.26 


2 iq+0.13 
^•J^y_0.12 


q 7+0.3 

''-'-o.a 


16 / 18 


0.62 




55 


1.08 


2 10+°-28 


1 0+°-2 
^-^-0.2 


4/10 


0.94 




92 


0.29 


n 5fi+°18 
U.06_o^g 


o.5iig:- 


37 / 12 


2.6 X 10- 


-4 


98 


0.36 


PI 2A+0-49 
'J-"'*-0.58 


o-o8l°:°I 


12/5 


3.5 X 10- 


-2 


117 


0.62 


2 n2+°'37 


n c:7+0.21 


9/4 


6.0 X 10- 


-2 


184 


0.55 


1 cc+o.ai 

1.00_Q 28 


1 s+0-3 


14 / 10 


0.16 




stars: 














49 


— 


2 nq+0.16 


2 f;+0.3 


37 / 19 


7.1 X 10- 


-3 


61 


- 


nq+0.18 


1 q+0.2 


110 / 19 


6.8 X 10- 


-15 


120 


- 


2 1C-+0.26 
^■4S_Q 25 


1 q+0.3 


31 / 11 


1.1 X 10- 


-3 


140 


- 


2 Pifi+O.Ol 

^■06_Q gj^ 


163+^ 


8027 / 165 


< 10-3° 




179 


' 


1 96+°-*^ 


c;-3+0.20 

u.aci_Q 20 


2/4 


0.70 




galaxies (e.g.| 




, 200l|;|Kinkhabwala et al., 20021), 



and although they are photoionised rather than collision- 
ally ionised, the mekal model is a reasonable approx- 
imation at the resolution and signal to noise ratio of 
our EPIC spectra. On the other hand, an unabsorbed 
power law component could represent primary emission 
that has been scattered into our line of sight, bypass- 
ing the abs orbing medium. Such a model has been used 
widely (e.g. iTurner et al.. 19971 : iFranceschini et al.. 20031 : 
ICaccianiga et al.. 2004) and has a simple and convenient 
functional form. The results for these two fits are given 
in Tables 13 and 2] The model with an unabsorbed power 
law component fits the spectrum of source 132, but not 



Table 2. Power law fits including cold photoelectric absorption 
and with fixed P = 1.9. A is the power law normalisation in 
units of lO"'' photons cm— ^ g-i keV— ^. Sources marked with 
an '*' have acceptable x^ with a simple powerlaw fit, but have 
been fitted with the model including cold absorption because 
they have best-fit F < 1. Parameters and uncertainties marked 
with f are constrained by the maximum or minimum of the al- 
lowed range. P is the null hypothesis probability corresponding 
to x^/i^. 



Source 



N„ 
(10^2 cm-2) 



xV^ 



BLAGN: 



40 

96 

101 

132 

134 



2.2 

2.3 

1 

11.3 

7.9 



+1.4 
1.0 

+0.6 
0.5 

+0.2 

-0.2 

+ 1.2 

1.1 

+0.8 
0.8 



19 
2.5 

coot 

0.83 
1.00 



+20 

9 
+ 1.7 

1.0 
+0.04 

O.OOf 
+0.19 

0.16 
+0.30 

0.24 



5/4 0.34 

18 / 11 7.6 X 10-2 

54 / 20 5.6 X 10-5 

53 / 31 8.2 X 10-3 

58 / 39 2.4 X 10-2 



NELG 


s: 












62* 


2 1+2-1 


q c + 19.6 


7/3 


7.2 X 


10- 


-2 


66* 


i-3tS:? 


^ 7+3.9 
-'-•'-1.2 


1/3 


0.70 






67 


8-7tl;i 


-1 ,7+0.25 
l--'-'-0.20 


38 / 30 


0.15 






76* 


2Atll 


q 7+61.8 
^■'-6.3 


8/4 


0.11 






109 


ll-5tij 


4.ot°:? 


97/ 24 


8.6 X 


10- 


-11 


126* 


1 4+1.0 


lOt^^ 


2/3 


0.63 






142 


7 7+1.1 
'•'-1.0 


i^4tg;^3 


31 / 23 


0.13 






165* 


2 q+0.6 


0.96t°:f3 


22 / 13 


5.1 X 


10- 


_2 


175 


4.7t21 


01+°°3 


82 / 34 


8.5 X 


10- 


-6 


184 


0.4tg-.? 


oi+°-2^ 
'^■"^-o.oif 


25/3 


1.4 X 


10- 


-5 


213* 


14.3+t.^ 


8.6+^-1 


5/7 


0.62 






222* 


6 9+1-^ 


n fi4+0-34 
U.D4_Q 27 


21 / 10 


2.0 X 


10- 


-2 


225 


1 q+0.6 


00t+°°'' 

^•^'^To.oot 


18/4 


1.3 X 


10- 


-3 



galaxies: 



92 
98* 



3.7 
5.9 



+0.9 
0.8 

+4.7 
2.6 



2.1 
25 



+0.8 
0.6 

+22 
12 



15 / 12 0.26 
7/5 0.20 



the spectrum of source 101. The model including a soft 
thermal component provides a good fit to the spectra of 
both objects. 

The alternative to an additional soft component, is 
that the absorbing material is ionised, in which case the 
strongest absorption features will occur at higher energies 
than in a cold absorber, and there may be no need for 
additional soft X-ray components in sources 101 and 132. 
Therefore, we replaced the component of cold absorption 
with an ionised absorber ('absori' in XSPEC), and refitted 
the spectra of sources 101 and 132, again assuming F = 1.9 
and Galactic abundances. The results are given in Table 
|H|and show that this model fits both spectra well. 

Absorption, either by cold or ionised gas, is unlikely 
to explain the poor fit of the power law model to sources 
52, 65 and 113, which have relatively soft spectra (best fit 
r > 2). In all three cases, the data systematically exceed 
the model at energies > 2 keV, indicating that the spectra 
are curved relative to a power law, or that there is more 
than one broadband component in the spectrum. We have 
explored two models for these spectra: a power law with a 
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Table 3. Absorbed power law fits with an additional unabsorbed power law component. A\ is the normalisation of the primary, ab- 



sorbed power law and A2 is the normalisation of the secondary, unabsorbed power law, both in units of 10 photons cm 



keV" 



Parameters and uncertainties marked with f are constrained by the limits of the fit range. P is the null hypothesis probability cor- 
responding to 'x^ jv- 



Source 


Al 


M 


(10^2 cm-2) 


xV^ 


P 




BLAGN: 

101 
132 


1 7+1-'' 
^■'-0.9 

lO.Stij 




q c + 15.2 


38 / 19 

39 / 30 


6.8 X 10" 
0.12 


-3 


NELGs: 

100 
109 
175 
225 


6.6+i^3^ 
3.5lli 


72+°-l'^ 
'J- '^-0.17 

4 0+°* 
^•^-0.5 

0-OOtlaot 


29l^^ 
5.91- 

2.5l?:^ 

n+iooot 
U-ot 


1/2 
28 / 23 
54 / 33 

18/3 


0.51 
0.20 
1.2 X 10" 

4.5 X 10" 


-2 
-4 



Table 4. Absorbed power law fits with an additional soft emission line component, modelled as a 'mekal' thermal plasma. A is the 
normalisation of the power law component in units of 10"^ photons cm"^ g— 1 keV"^. nornimej. is the normalisation of the thermal 
plasma given as | nenjfdy/(47rD2) in units of 10~20 cm~^, where rie and nn are the electron and hydrogen number densities 
respectively, V is volume, and D; is the luminosity distance. Parameters and uncertainties marked with f are constrained by the 
limits of the fit range. P is the null hypothesis probability corresponding to x^ jv. 



Source 


A 


(1022 cm-2) 


kT 
(keV) 


norm^efe 


X'lv 


P 


BLAGN: 

101 
132 


2.91^6 
11.711-J 


„ 7„+0.38 

94+°-2i 


21+°-°'' 

n 16+°°* 

^•^0-0.06 


1 7+0.6 
9 1+12.3 


19 / 18 
33 / 29 


0.39 
0.30 



NELGs: 



100 
109 
175 
225 



6.5 
11.7 
6.7; 
0.9 



+23.0 
4.4 
+2.4 
-1.6 
1.0 
0.9 

+7.5 
0.8 



29 

6.7 

0.41 

0.02 



94 

19 
+ 1.8 

1.3 
+0.22 

0.16 
+ 11.50 

0.02 



4.3 
10.0 
0.19 
0.77 



+5.8 

4.1 

+o.ot 

5.2 
+0.04 

0.03 

+0.40 

-0.17 



1.1 

2.7; 
3.4; 
1.6 



+0.5 

0.5 
+0.6 

1.2 
+1.3 

0.8 
+1.1 

0.8 



4/1 


5.4 X 10 


28 / 22 


0.18 


41 / 32 


0.14 


1/2 


0.55 



Table 5. Power law fits with fixed P = 1.9 and an ionised absorber. A is the power law normalisation in units of lO^*" pho- 
tons cm ^2 g-i keV^i. ^ is the ionisation parameter in units of erg cm s^^. Parameters and uncertainties marked with f are 
constrained by the limits of the fit range. P is the null hypothesis probability corresponding to "x^ jv. 



Source 



Nh 



(102 



X^ 1^ 



BLAGN: 








101 


q q + 0.6 

•'•''-0.6 


140+1*° 


2.6l-^, 


132 


I2.0ll;2 


3.9ir.?; 


i-4i;;:;l 


NELGs: 

100 


91+1.7 
^•J^-1.2 


60tfo° 


7+9 


109 


11.8+l-« 


q 0+5.7 

•^•«-3.0 


6-8+11 


175 


7 3+1-° 
' ■•'-0.9 


601!^ 


1 q+0.9 
^••'-0.6 


225 


1 9+°-'' 


n++iooot 
^T-ot 


oti^'; 



21 / 19 
34 / 30 



0.35 
0.28 



12/2 3.0 X 10"^ 

59 / 23 5.2 X lO--""' 

34 / 33 0.40 

18/3 4.5 X 10-"* 
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+U,i 




Source 37 



Source 55 




Source 92 ji 




Source 98 



n).2 0.5 




, Source 117 



Source 184 




Source 179 



Figure 3. X-ray spectra of the galaxies (data points) together 
with power law models (black stepped lines). All spectra are 
shown in the observer frame. Both model and data have been 
divided by the product of effective area and Galactic transmis- 
sion as a function of energy. For sources 92 and 98 a better 
fitting model of a power law absorbed by cold material is also 
shown, as a grey stepped line. 



Figure 4. X-ray spectra of the Galactic stars (data points) 
together with power law models (black stepped lines) and multi- 
temperature optically-thin thermal models (grey stepped lines). 
All spectra are shown in the observer frame. Both models and 
data have been divided by the product of effective area and 
Galactic transmission as a function of energy. 



reflection component, and a two power law model, which 
will produce a curved continuum. The results of the reflec- 
tion fits are given in Table El In all 3 cases, the x^ values 
indicate acceptable fits when the refiection component is 
included, but the degree of reflection required is far too 
large to be physically realistic. The results of the double 
power law fits are given in Table The goodness of fit is 
acceptable in all 3 cases. 

4.2 NELGs 

The power law model was fitted to the NELG X-ray spec- 
tra and yielded acceptable fits in 19/25 cases (Table^. Of 
the 6 NELGs for which the power law model is rejected 
at > 99% confidence, 4 have best fit F < 1, suggesting 
that the poor fits are due to photoelectric absorption. A 
further 7 NELGs with acceptable power law spectral fits 
have best fit F < 1. Such a hard spectral shape is un- 
likely to be the intrinsic continuum of an AGN. Therefore 
we refitted all of the sources which are not well fitted by 
the power law model, and all of the sources with best fit 
F < 1, with a F = 1.9 power law absorbed by a neutral 
column of material at the same redshift as the object. The 
results are given in Table |5| Acceptable fits are found for 
all of the sources except for 100, 109, 175, and 225. We 
refitted these four spectra using the same set of models as 
for the BLAGN which could not be fitted with the cold 
absorption model. The fit with an additional unabsorbed 
power law yields an acceptable x^ for sources 100, 109 and 
175, but not for source 225 (Tablej^J, while the fit with a 



soft emission line component produces acceptable x^ for 
all 4 objects (Table |1J. The ionised absorption model is 
less successful: it produces a reasonable fit for source 175 
but not for the other three objects (Table 0. Source 225 
can only be adequately fitted when a soft thermal compo- 
nent is included, and in this case there is no requirement 
that the power law component is absorbed. 

Of course it is possible that the NELGs which are 
well fitted by a F > 1 power law and no intrinsic ab- 
sorption could still harbour absorption at a level that is 
too small to be detected in our X-ray spectra. Therefore, 
for these 12 NELGs we have determined upper limits to 
the intrinsic column densities by fitting with a power law 
and intrinsic absorption, and increasing the column den- 
sity until Ax^ = 4, corresponding to the 95% upper limit. 
To be conservative, we allowed F to vary freely up to a 
maximum of F = 2.5. The results are given in Table |H| the 
majority of the sources have upper limits to Nh which are 



4.3 Absorption line galaxies 

Of the 6 absorption line galaxies, only source 92 is poorly 
fitted with the power law model (see Table0. This object, 
and source 98, require very hard spectral indices (F < 1), 
so we refitted these two spectra with a F = 1.9 power 
law and cold photoelectric absorption. In both cases this 
provides an acceptable fit, as seen in Table |5| 

For the four sources which were well fitted with a 
(F > 1) power law model, we have worked out 95% upper 



© 0000 RAS, MNRAS 000, 000-000 



10 Page et al. 

Table 6. Power law and cold reflection model fits to X-ray spectra of BLAGN. A is the power law normalisation in units of 
10^'' photons cm~ s~^ keV~ . The reflection fraction R is the size of the reflection component relative to a plane reflector covering 
27r steradians. P is the null hypothesis probability corresponding to y^ jv. 



Source 



R 



xV^ 



52 
65 
113 



ci.DU_p 22 
9 r;o + 0.13 

9 q-,+0.14 
^•'-'^-0.14 



2.0+0-5 

— 0.5 

H.l 
-1.2 
6 5+''-'5 



13. OJ 



125iif 
12.7t^^^ 



41 / 29 
93 / 97 
63 / 55 



6.6 X 10-2 

0.59 

0.21 



Table 7. Fits with two power laws to X-ray spectra of BLAGN. A\ and A2 are the normalisations in units of 10"® pho- 
tons cm" ^ s" ^ keV" ^ for the power laws with photon indices Fi and F2 respectively. P is the null hypothesis probability cor- 
responding to yi^ jv. 



Source 



X^l^ 



52 
65 
113 



3 65+0.36 

r, 07 + 0.60 

^■^'-0.35 

2 RQ+O-** 
^■u»_0.40 



2.0^ 



fO.5 
-0.7 
7 4+4.6 
'■^-4.5 

q + 2.6 

3.»_2 g 



1 03+°-'*l 
1 ^7+0. 31 

, 07+0.42 
^"-"-0.79 



47+0''^3 
'^•^'-0.36 

7.oj:t« 

2.811;^ 



42 / 28 
96 / 96 
61 / 54 



4.3 X 10-2 

0.48 

0.24 



Table 8. 95% upper limits to the intrinsic column densities of 
the NELGs and galaxies which are well fit with a F > 1 power 
law model. 



Source 


Nn 95% upper limit 




{1022cm-2) 


NELGs: 




1 


0.17 


20 


0.026 


56 


0.077 


94 


3.6 


103 


0.30 


115 


0.12 


118 


0.68 


131 


0.50 


153 


1.68 


186 


0.23 


193 


0.26 


200 


0.62 


galaxies: 




37 


0.096 


55 


0.22 


117 


3.1 


184 


0.070 



limits to the amount of absorption which could be present 
by adding intrinsic photoelectric absorption to the power 
law model, and increasing the column density until Ax^ = 
4; the results are given in Table |H| 



4.4 Galactic stars 

We began with a power law fit to the stars including 
full Galactic absorption, exactly as for the extragalactic 
sources. The results are listed in Table and the spec- 
tra are shown in Fig. 0] The power law model is rejected 



in four of the five stars, which show a distinctive emis- 
sion peak between 0.5 and 1 keV, indicating optically-thin 
thermal emission. However, the power law model is an ac- 
ceptable fit to the X-ray spectrum of source 179, which 
has by far the lowest quality spectrum. We next applied a 
single-temperature optically-thin thermal model (mekal). 
This model also failed to produce acceptable fits for 4 out 
of 5 stars (see Table |3J|: the stellar X-rays are distributed 
over a larger energy range than the model spectra. There- 
fore we fitted a multi-temperature mekal model that has 
a uniform distribution of emission measure with tempera- 
ture up to a maximum temperature T. The results of this 
model fit are listed in Table Uni and shown in Fig. 2] This 
model produced acceptable fits to the X-ray spectra of all 
the stars except source 140. However, inspection of Fig.|l| 
indicates that despite the large x^, the model reproduces 
the shape of the spectrum of source 140 quite well, but 
not in detail. Source 140 has the highest signal/noise X- 
ray spectrum by far within the 13^ field; a more complex 
model would be required to reproduce the details, but this 
is beyond the scope of this paper. 



5 DISCUSSION 

5.1 Distinguishing Galactic stars from 
extragalactic objects 

The overall X-ray spectral shapes of the Galactic stars 
could be reproduced by an optically-thin thermal model 
with a distribution of temperatures. This is broadly con- 
sistent with observatio ns of ne arby stars with active coro- 
nae (e.g. IGuedel et al.. 200 1^ . The characteristic shape 
of their X-ray spectra, and the statistical rejection of the 
power law model, mean that these stars can be distin- 
guished from the majority of the BLAGN by their EPIC 
X-ray spectra alone. This has considerable potential for 
the identification of Galactic stars in XMM-Newton sur- 
veys, independent of optical spectroscopy. In the 13^ field. 
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Table 9. Single-temperature optically-thin thermal plasma (mekal) fits to the XMM-Newton spectra of the Galactic stars, nornimefc 
is the normalisation of the thermal plasma given as / nen//dV'/(47rZ)^) in units of 10~^0 cm~^, where rig and nu are the electron 
and hydrogen number densities respectively, V is volume, and D is the distance. Parameters and uncertainties marked with f are 
constrained by the limits of the fit range. P is the null hypothesis probability corresponding to 'x^ jy. 



Source 



kT 



xV^ 



(kcV) 



49 


2.44" 


61 


0.26 


120 


0.29 


140 


0.68; 


179 


2.9+ 



-1-0.77 
-0.49 
+0.01 
-0.02 
+0.05 
-0.03 
+0.01 
-0.01 
+ 17. If 
1.6 



7.6 
3.0 
2.3 
192 

1 



+ 1.0 

1.1 

0.3 

0.3 

+0.4 

-0.4 

+3 

2 

+ 1.3 

-0.8 



51 / 19 

43 / 18 

37 / 11 

9645 / 165 

3/4 



8.6 X 10-5 
8.3 X 10-4 
1.1 X 10-* 
< 10- 
0.56 



-30 



Table 10. Multi-temperature optically-thin thermal plasma (ccmckl) fits to the XMM-Newton spectra of the Galactic stars, with 
emission measure distributed uniformly with temperature for kT < kTmax- norm^gfe is the normalisation of the thermal plasma 
given as I n^nu dV / {iir D'^) in units of 10—^0 cm-^, where n^ and uh are the electron and hydrogen number densities respectively, 
V is volume, and D is the distance. Parameters and uncertainties marked with f are constrained by the limits of the fit range. P is 
the null hypothesis probability corresponding to x^ jv. 



Source 


f^-i-max 


norm^^k 
(keV) 


x^y 


P 


49 


20.0t+»t^ 


r, O + 0.3 

^■■^-0.2 


28 / 19 


9.3 X 10-2 


61 


n 4c;+0.09 


4 9+0.8 


20 / 19 


0.37 


120 


7+13t 
'-6 


r, 9 + 0.5 


8/11 


0.67 


140 


A 79+0.30 
*-'^-0.25 


236+i^ 


688 / 165 


< 10-30 


179 


20t+S 


0.38«;20 


6/4 


0.24 



it provides confirmation that sources 49, 61, 120 and 140, 
have been correctly identified as Galactic stars. For source 
141, the signal to noise of the X-ray spectrum is not suf- 
ficient to confirm or reject its identification as a Galactic 
star. 



5.2 Spectral slopes of the extragalactic sources 

The distribution of best fit power law slopes is shown in 
Fig. 1^ The distribution for all sources appears to be bi- 
modal, with the larger peak at F ~ 1.9 and the smaller 
peak at F ~ 0.6. However, when the distribution is broken 
into BLAGN, NELGs and galaxies it can be seen that the 
peak at F ~ 0.6 comes almost entirely from the NELGs, 
of which a similar number have F ~ 0.6 as have F ~ 1.9. 
The BLAGN power law slopes show no indication of bi- 
modality. The power law slopes are shown as a function of 
redshift in Fig.jSl The slopes of the BLAGN show no trend 
with redshift, and are distributed relatively symmetrically 
around F ~ 1.9 at all redshifts. The distribution of NELG 
and galaxy spectral slopes also shows no obvious trend 
with redshift. 

The most outlying BLAGN photon indices (at F < 1 
and F > 3) come from spectra which are not well fitted 
with a power law model. In contrast, the majority of the 
NELG spectra with F < 1 are acceptably fitted with a 
power law, perhaps because they have on average fewer 
counts in their X-ray spectra than the BLAGN. Each of 
the 7 hard spectrum NELGs which have F < 1 in the 



power law fit can also be fitted with an absorbed (F = 1.9) 
power law. Although the individual spectra do not have 
good enough statistics to discriminate between the two 
models, we can compare the goodness of fit for the two 
models using the total y^ /v for the 7 objects. For the 
power law model, the total x^ /v — 75/43, corresponding 
to a null hypothesis probability of 1.8 x 10-^, whereas the 
total x^ /v = 66/43 for the absorbed power law model, cor- 
responding to a null hypothesis probability of 1.4 x 10-^. 
Thus overall, the model with photoelectric absorption pro- 
duces a better fit to the spectra of these 7 hard-spectrum 
NELGs than the unabsorbed power law model. 

The sample of galaxies is much smaller than the sam- 
ple of NELGs, and there are only two objects with best fit 
F < 1, one of which is acceptably fitted with a power law 
model, and one of which is not. Both of these objects are 
fitted well with an absorbed F = 1.9 power law. Overall, 
these results suggest that photoelectric absorption is re- 
sponsible for all of the spectra which appear to have F < 1 
in power law model fits. 

Only a small proportion (5/50) of the BLAGN show 
significant evidence for absorption, hence for the BLAGN 
we can obtain a good estimate of the intrinsic distribu- 
tion of spectral slopes. For this we assume a Gaussian 
distribution of s pectral slopes and use th e maximum likeli- 
hood method of lMaccacaro et al. fl988f) which takes into 
account the statistical errors on the individual spectral 
fits. We exclude the 5 sources which show evidence for 
photoelectric absorption because it is difficult to deter- 
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Figure 6. Best fit power law slopes from single power law 
model fits, shown for the different source types as a function of 
redshift. Poor fits are shown with open symbols. 



Figure 5. Best fit power law indices for the different extra- 
galactic point sources. The filled region corresponds to those 
sources which are acceptably fitted with a single power law. 



mine the intrinsic spectral shape for these sources. Three 
of the BLAGN appear to have spectra which are more 
complex than a power law, but we include these objects 
with their best fit single power law indices when calculat- 
ing the distribution. The likelihood contours for the mean 
of the distributon (F) and the intrinsic dispersion or are 
shown in Fig.[7| The one-dimensional confidence intervals 
are (F) = 2.00 ± 0.11, err = O.Seto.J?- 

Our best fit (F) is entir ely consistent with that 
found by iMateos et al. (20051J) for a comparable sam- 
ple of B LAGN in the Lockm an Hole, and with that 
found bv lMateos et al. (2005a^ for a larger, but brighter 
sample of BLAGN studied with XMM-Newton. Indeed, 
(F) — 2.00 ± 0.11 is also consi stent with the valu e of 
(F) = 2.05 ± 0.05 determined bv lMittaz et al. ('199g^ for 
AGN in the soft X-ray ROSAT International X-ray Op- 
tical Survey (RIXOS). However, the value of or found 
in the 13^ field is s ome what larger than that found by 
iMateos et al. f2005all and lMateos et al. (2005^ . who ob- 
tained o-r = 0.2lt°;o4 and or = 0.20 ± 0.04 respectively 
(their confidence intervals are 90 %), and it is smaller t han 
the err = 0.55 ± 0.05 obtained bv lMittaz et al. f 19991) for 
RIXOS AGN. It is likely that the large dispersion found 
with ROSAT is due to the fact that photoelectric ab- 
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Figure 7. Maximum likelihood confidence intervals for the 
mean spectral index (F) and standard deviation crp of BLAGN 
power law spectral indices assuming a gaussian distribution. 
The three contours correspond to 1, 2 and 3 sigina for two 
interesting parameters (i.e. A5 = 2.3, 6.2, and 7.8 where 
S = — 21ogg L and L is the likelihood function). 
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sorption and AGN soft excess emission were both dilEcult 
to distinguish from a power law with the crude ROSAT 
PSPC spectra. Furthermore, photoelectric absorption and 
AGN soft excess emission both have a larger effect in the 
0.1-2 keV band of the PSPC than in the 0.2-12 keV band 
of EPIC. 



5.3 Spectra which are more complex than a 
power law with cold photoelectric 
absorption 

There were 5 BLAGN and 4 NELGs which show spectra 
which are not well fitted with a power law and cold ab- 
sorber model. Here we discuss these objects in more detail, 
starting with the BLAGN. 

It is likely that the poor fit of the power law model 
to sources 65 and 113 owes more to the fact that they 
are among the best BLAGN spectra in terms of signal 
to noise ratio, than to a particularly large degree of cur- 
vature relative to the other BLAGN (Fig. 0. However, 
source 52 appears to show a more substantial departure 
from a single power law spectrum, showing a very soft 
spectrum below 2 keV, but a much harder spectrum at 
higher energy. This source s howed a very soft spec trum in 
the original ROSAT survey llMcHardv et al.. 199i) . and is 
a luminous example of a narrow line Seyfert 1. It was stud- 
ied in its own right bv'Pewa ngan et al. f200ir . The spec- 
trum of source 52 in Fig. shows significant similarity to 
the spectrum of the nearby narrow-line Seyfert 1 galaxy 
IH 0707-495. In particular, IH 0707-495 also has a very 
steep spectrum (F = 3.8) when fitted with a single power 
law over the full XMM-Newton ener gy range, but has a 
much fiatter spectrum above 2 keV JBoller et al.. 20021 . 
The most remarkable feature of the spectrum of IH 0707- 
495 is a large edge at 7-7.6 keV and a significant deficit 
of counts at energ ies higher than this JBoller et al.. 2003 : 
iGallo et al.. 2004) . For source 52 at z = 0.386, a similar 
edge would be redshifted to 5-5.5 keV. Source 52 is not 
detected beyond this energy, so it could harbour a similar 
edge feature to IH 0707-495. However, the spectrum is not 
good enough for us to determine with confidence whether 
such an edge is present at this energy. 

Of the 5 BLAGN which show absorption, 3 are well 
fitted with a power law and cold photoelectric absorption, 
while sources 101 and 132 require more complicated mod- 
els. Acceptable fits are found for these 2 sources when an 
additional soft emission component is included, or when 
the neutral absorber is replaced by an ionised one. In the 
model fits including an additional soft line emitting or un- 
absorbed power law component, source 132 has a soft com- 
ponent which emits between 5% and 21% as much power 
in the 0.2-1 keV band (observer frame) as the primary 
power law component. For source 101 the additional soft 
component is much more important, emitting 35-120% 
as much radiation in the 0.2-1 keV band as the primary 
power law. In both cases the additional soft component 
emits > 10 erg s^^ in the 0.2-1 keV band: such a high X- 
ray luminosity excee ds even the most X-ray lu minous star- 
burst galaxy known (iMoran. Lehnert fc Helfa nd. 1999). It 
is also unlikely that the soft emission comes from a group 
or cluster of galaxies in which the source is embedded be- 
cause at such luminosities the X-ray emitting gas would be 



expected to have kT ~ 1 keV IIHelsdon fc Ponman. 200Cf) . 
whereas the best fit temperatures are much lower than this 
in the mekal fits. Furthermore, sources 101 and 132 are 
consistent with point sources in the X-ray images, and are 
isolated, separated by more than an arcminute from their 
nearest XMM-Newton or Chandra neighbours. Therefore 
if these sources do have an additional soft component, it 
must be scattered or reprocessed AGN emission. While 
this is plausible for source 132, in which the soft compo- 
nent is ~ 10% as luminous as the primary AGN emission, 
for source 101 a scattered component would have a lumi- 
nosity of more than a third of the primary component, 
which is untenable. The alternative, an ionised absorber, 
provides a good fit to both spectra, and is the only realistic 
hypothesis for source 101. 

The situation is quite different for the four absorbed 
NELGs which are not well fitted with a power law and neu- 
tral photoelectric absorption. For three of these, sources 
100, 109, and 225, the ionised absorber model does not 
fit the data, and an additional soft component is there- 
fore neccessary. In the case of source 109, the additional 
soft component is likely to be due to contamination of 
the X-ray spectrum from the bright BLAGN, source 113, 
which is only 20" distant. Indeed, in the fit to source 109 
with a mekal component, kT pegs at 10 keV, which is 
the maximum value that we allowed in the fit. At such 
a high temperature the mekal component is contributing 
more continuum than line emission, consistent with the 
hypothesis that the excess flux in the lowest energy chan- 
nels of source 109 is actually continuum emission from 
source 113. 

For source 225 the best fit mekal component has 
kT = 0.8 keV, and a 0.2-1 keV luminosity of lO"^ ergs s"\ 
larger than that of the power law component in the same 
band. This luminosity is too large for either a starburst or 
scattered AGN emission to be plausible. However, source 
225 is one of the sev en extended X-ray s ources identified 
with 'EMLDETECT' llLoaring et al.. 200511 . with a FWHM 
extent of ~ 17 arcseconds, so a significant fraction of the 
X-ray emission is likely to originate in a group or clus- 
ter of galaxies. The temperature and luminosity of source 
225 are consistent with the Lx — Tx relationship observed 
in galaxy groups (Hclsdon & Ponman, 2000), further sup- 
porting this explanation. 

In source 100 the soft component has a relatively low 
luminosity (lO^'^ ergs s~^ in the 0.2-1 keV band), equiv- 
alent to ~ 5% of the primary power law emission in the 
same band. Therefore scattered emission from the AGN 
and hot gas from a starburst are both tenable explana- 
tions for the soft component in this source. 

In the fit to source 175 including a mekal component, 
we obtain a very reasonable kT — 0.2 keV, but a soft com- 
ponent 0.2-1 keV luminosity of 2 x 10*^ ergs s""*^. This is 
equivalent to 30 — 50% of the luminosity of the power law 
component in the same band, hence neither a starburst 
contribution, nor scattered AGN emission are feasible ex- 
planations. It is possible that a nearby X-ray source con- 
tribu tes to the soft emiss ion: Chandra source number 159 
from iMcHardv et al. f20 03l is only 11" distant, but is a 
factor of 10 fainter than source 175, and a visual inspec- 
tion of the XMM-Newton 0.2-0.5 keV image indicates that 
this source does not contribute significantly. Therefore it 
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Figure 8. 2-10 keV intrinsic rest-frame luminosities as a func- 
tion of redsiiift. The sources wiiich siiow X-ray absorption in 
tiieir X-ray spectra are shown with open symbols, while sources 
without significant X-ray absorption are shown with closed 
symbols. 



appears that an ionised absorber is a better hypothesis for 
the X-ray spectral shape of source 175 than an additional 
soft component. 



5.4 The luminosity distribution as a function of 
optical class 

In Fig. |H| we show the 2-10 keV luminosities (I/2-10) 
as a function of redshift for the extragalactic sources. 
The luminosities are for the primary power law compo- 
nent only, are corrected for intrinsic and Galactic ab- 
sorption, and are derived from the most realistic model 
fit to each source, as discussed in the text. At z > 1, 
optical spectroscopic identification of NELGs and galax- 
ies is extremely difficult compared to BLAGN, so it is 
not suprising that the vast majority of optically identi- 
fied sources at z > 1 are BLAGN. Therefore it is useful 
to restrict our attention to 2 < 1, where we are able to 
identify the full range of optical counterparts, in order 
to examine the luminosity and absorption characteristics 
of the NELGs and galaxies with respect to the BLAGN. 
For 2 < 1, we see in Fig. |H] that the majority (13/15) 
of the X-ray absorbed sources are NELGs or galaxies, 
as expected in AGN unification schemes. However, the 
majority (15/29) of the NELGs and galaxies in this red- 
shift range (i.e. z < 1) do not show significant X-ray ab- 
sorption. The NELGs and galaxies span the full z < 1 



X-ray luminosity range, but the X-ray absorbed sources 
are only found at L2-10 > 10**^ ergs s~^. Indeed, the X- 
ray absorbed sources have a higher mean 2-10 keV lu- 
minosity ((1/2- 10) = 2 X 10*"^ ergs s~^) than the unab- 
sorbed sources, which have (L2-10) = 8 x 10"*^ ergs s"'^. 
However the mean luminosity of the NELGs and galax- 
ies ((L2-10) ~ 10**^ ergs s~^) is smaller than the mean 
luminosity of the BLAGN ((i2-io) = 2 x 



10"^ ergs s" 



5.5 The origin of the X-ray emission in the low 
luminosity extragalactic sources 

For sources with L2-10 > 10*^ erg s"'^, the presence of 
an AGN is unambiguous. However, the lower luminosity 
X-ray sources could plausibly be powered by star forma- 
tion, in which case the X-rays will be a composite of emis- 
sion from massive X-ray binaries and optically thin ther- 
mal emission from hot interstellar gas within the galaxy. 
Therefore to determine whether the X-ray emission from 
these objects is powered by AGN, we must examine them 
in more detail on a case by case basis. 

The two lowest luminosity sources, 56 and 118, have 
L2-10 of 5 X 10^^ and 1 x lO'*'^ ergs s~^ respectively. 
They are both detected as point sources with XMM- 
Newton but are not detected with o ur point source search- 
ing method in the C handra images JMcHardv et al.. 20031 : 
iLoaring et al.. 2005^ . suggesting that the X-ray emission 
is signficantly extended with respect to the Chandra 
PSF (i.e. on a scale comparable to the optical galaxy). 
They are both bright radio sources (> 0.5 mjy at 
1.4 GHz), extended on a similar scal e to the optical galaxy 
iSevmour. McHardv fc Gunn. 20(M1 and so almost cer- 
tainly powered by star formation. T he starburst na ture 
of source 56 is discussed at length in lGunn et al. f2 001'l. 
In Fig. 121 we see that although the spectra are consistent 
with a power law shape, both have a low significance peak 
at ~ 0.7 keV, consistent with thermal emission from a 
starburst. Thus the X-ray emission from both source 56 
and source 118 could quite plausibly be powered by star 
formation. 

In contrast, the sources with L2-10 > 2x 10*" ergs s^^ 
are much more likely to be AGN powered. Sources 20, 131 
and 193 (all NELGs) show no evidence for thermal gas 
components in their spectra, which are consistent with 
power laws, suggesting that they are AGN. Both sources 
131 and jj)3 arc detected as po int sources in the Chandra 
images IIMcHardv et al.. 2003il . consistent with this hy- 
pothesis. Source 20 was not detected with Chandra, but 
in this case variability, rather than spatial extent, is re- 
sponsible. Source 20 was more than a factor 2 brighter 
during XMM-Newton revolution 0276 than it was 11 days 
later in revolution 282, and hence the emission must come 
from an AGN rather than a multitude of sources within 
the galaxy. 

At higher luminosities, the hypothesis that star for- 
mation powers the X-ray emission becomes even less likely. 
Source 225 has a thermal component in its X-ray spec- 
trum, but as discussed in Section [5.31 the X-ray emission 
is extended on a scale larger than the optical galaxy in 
this source, so the thermal emission is due to a group or 
cluster of galaxies. Source 153 is no t detected at 1.4 GHz 
iSevmour. McHardv fc Gunn. 2004^ , so is unlikely to be a 
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vigourously star forming g alaxy, while source 37 is almost 

certainly a BL Lac object JGunn et al.. 20031 Moss et al. 

in prep). 

From the case by case examination of the 8 sources 

~^ only the two lowest luminos- 
l40 „„„ „-i 



with 1/2-10 < 10 ergs s 

ity objects, 56 and 118, which have L2-10 < 10*" ergs s 



appear to have X-ray emission dominated by star forma- 
tion. In all the other cases the 2-10 keV X-ray emission 
appears to be AGN dominated. Apart from source 225, 
the AGN is also dominant in the 0.5-2 keV band in these 
objects. 



5.6 The nature of the NELGs and galaxies 
without X-ray absorption 

Excepting objects which are powered by star forma- 
tion, the standard paradigm for X-ray selected NELGs 
and absorpti on line galaxies is that they are obscured 
AGN (e.g. iHasinger et al.. 20o3: iMainieri et al.. 20021 : 
iBarcons et al.. 2002r . However in the 13^ field, a signif- 
icant number of the X-ray sources which are optically 
classified as NELGs and galaxies contain AGN (see Sec- 
tion 15.511 which do not show evidence for X-ray absorp- 
tion. While for three of these objects (sources 94, 153 
and 117), the current data do not allow us to rule out 
an absorber with a significant column density {Nh > 
10^^ cm"^), for more than than half (8/14) of these 
objects the data imply Nh < 3 x 10^^ cm~^ (Table 
|H| excluding objects 56 and 118 which are likely pow- 
ered by star formation). For a Galactic gas to dust ra- 
tio and reddening curve JBohlin et al.. 1978r . this would 
correspond to at most a factor of 3 attenuation to the 
broad Ha line. For some of the lower redshift objects 
the Nh limits are so restrictive that optical reddening of 
the AGN should be neghgible, e.g. sou rce 20 has Nh < 
2.6 X 10^° cm~^. ISilverman et al. (200,'^^ reported a num- 
ber of objects in the Chandra Multiwavelength Project 
which appear to have similar properties and argued that 
this can be attributed to dilution of the AGN emis- 
sion by the host galax y light (see also IPaee et al.. 20031 : 
ISevergnini et al.. 20o3) . 

The dilution hypothesis can be investigated by com- 
paring the optical to X-ray flux ratios as a function of 
optical classification. The X-ray flux is completely domi- 
nated by the AGN component, while the optical flux comes 
largely from the AGN in sources classifled as BLAGN 
but is dominated by the host galaxy in sources classi- 
fied as NELGs and galaxies (Loaring et al. in prep). Fig. 
|5| shows the 2-10 keV flux of unabsorbed galaxies and 
NELGs wit h z < .8, against the R-band optical mag- 
nitude from iMcHard v et al. (2003). Sources 56 and 118 
are not shown, because their X-ray emission is likely to be 
powered by stellar processes. Fig.|5|is restricted to sources 
with z < 0.8 so that the R band corresponds to rest frame 
optical emission longward of the Balmer break. The solid 
line in Fig. [^corresponds to the mean optical/X-ray ratio 
of the 6 BLAGN that are shown. The dashed lines corre- 
spond to ±0.5 dex about this ratio, which is approximately 
the standard deviation of optical/X-ray ra tios found for 
X-ray selected BLAGN (Gilie giet al.. 1 9951. The NELGs 
are distributed over a broader region of Fig. 1^1 than the 
BLAGN, and more than half of the NELGs he to the left 




Figure 9. 2-10 keV flux against R magnitude, for unabsorbed 
X-ray sources with 2 < 0.8. The solid line corresponds to the 
unweighted mean X-ray/optical ratio of the BLAGN shown, 
and the dashed lines delimit ±0.5 dex around this ratio. 



of the region enclosed by the dashed lines, i.e. they have a 
larger optical/X-ray flux ratio than most of the BLAGN. 
Four of the NELGs are more than 3 magnitudes to the 
left of the solid line in Fig. |3] Therefore if they host ac- 
tive nuclei with optical/X-ray flux ratios typical for the 
BLAGN in Fig. |5| the nuclear component will be out- 
shone by more than a factor of 15 in the optical by the 
surrounding galaxy. Two of the NELGs and one galaxy lie 
1.5-2.5 magnitudes to the left of the solid line, suggest- 
ing that the active nucleus will be outshone by the host 
galaxy by factors of 3-10; dilution of the AGN compo- 
nent by starlight could reasonably explain the absence of 
broad emission lines in the optical spectra of these objects. 
The four remaining NELGs and galaxies, which lie within 
the region bounded by the dashed lines, have optical/X- 
ray ratios similar to those of the BLAGN. In these ob- 
jects the stellar component produces a similar flux of op- 
tical radiation as we would expect to observe from the 
nucleus, given the X-ray fiux. For dilution of the nuclear 
spectrum by galaxy starlight to explain the optical char- 
acteristics of these sources, their nuclear components must 
have optical/X-ray flux ratios which are smaller than the 
average for BLAGN. This however, is quite plausible if 
AGN with 1/2-10 < 10^^ erg s~^ have a similar intrinsic 
scatter of optical/X-ray flux ratios to the scatter found i n 
more luminous BLAGN (~ 0.5 dex. ICilieei et al.. 19951) . 
The lack of NELGs and galaxies to the right of the dashed- 
line region of Fig.|U]is consistent with this picture: starlight 
is unlikely to render the broad emission lines unidentifi- 
able when the host galaxy has a low luminosity compared 
to the nucleus, unless the optical/X-ray fiux ratio of the 
nucleus is unusually low. 

Fig.|5|therefore implies that in the NELGs and galax- 
ies which do not show significant X-ray absorption, the 
lack of broad optical emission lines could be due to the low 
contrast of the emission lines against the much stronger 
starlight component. However, it should be noted that 
there are alternative hypotheses that are not presently 
ruled out. These objects could posess absorbing media 
with a high dust to gas ratio, and/or in which the gas 
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Table 11. Absolute magnitudes Mji for the z < 0.8 galax- 
ies and NELGs that contain an AGN, and which do not show 
significant X-ray absorption. 



Source 


Mr 


1 


-22.306 


20 


-22.303 


37 


-23.175 


103 


-22.169 


115 


-22.892 


117 


-21.896 


131 


-21.872 


153 


-21.814 


184 


-22.550 


193 


-22.834 


225 


-23.317 



is ioni sed and so its X-r ay photoelectric opacity is re- 
duced llPappa et al.. 200111 . Discrimination between these 
hypotheses will require high spatial resolution, h igh sig- 
nal to noise optical spectra iSevergnini et al.. 20 03). Al- 
ternatively, some of these objects could be BL Lac ob- 
j ects; this appears to be the case for at least source 37 
jGunn et al.. 20031 Moss et al. in prep). 

We calculated the absolute magnitudes Ma for 
the 11 NELGs and galaxies shown in Fig. |51 The 
results are given in Table 1111 and were calcu- 
lated using the elliptical gala xy K-corrections from 
IColeman. Wu fc Weedman (198(1) . These objects lie in 
the bright part of the galaxy luminosity function, hav- 
ing absolute magnitudes of around M^ or brighter, 
where M'„ (~ 21.8 for Hp = 7 km s"^ Mpc"\ 
iTrentham. Sampson fc Banerii. 2005^ defines the knee 
in the luminosity function. On the other hand, 
they all host AGN which have L2-10 < 2 x 
10*^ erg s~^), lowe r than the knee in the X-ray luminos- 
ity function (e.g. [ Page et al.. 19971 : iBarger et al.. 2Q(M . 
iHasinger et al.. 200511 . This combination of weak AGN 
and luminous host galaxie s, given the M. — a relation 
JFerrarese fc Merritt. 200111 . suggests that these objects 
host massive black holes (> 10* M0,|Pago, 2001) with low 
Eddington ratios (< 1%). Such objects are not low mass 
objects formed at late ti mes, the result of A GN 'cosmic 
downsizing' as argued bv lBarger et al. (2005^ ■ but are in- 
stead the relatively inactive remnants of once-luminous 
AGN. 



6 CONCLUSIONS 

We have presented the XMM-Newton EPIC X-ray spec- 
tra of 86 X-ray sources in the 13^ field which have op- 
tical identifications and > 70 X-ray counts. More than 
half of the sources are BLAGN, and the majority of these 
(42/50) have spectra which are consistent with a power 
law shape. The photon indices are distributed about a 
mean (F) = 2.0 ± 0.1 with an intrinsic dispersion of 
or = 0.4 ± 0.1. Of the 8 BLAGN which have X-ray spec- 
tra inconsistent with a power law shape, 3 have curvature 
with excess emission at the high and low energy ends rel- 



ative to a power law, and 5 show evidence for absorption 
at soft X-ray energies. The addition of a cold photoelec- 
tric absorber yields an acceptable fit for 3 of these objects, 
one requires an ionised absorber, and the remaining ob- 
ject can be fitted with either an ionised absorber or with 
an additional component of scattered or reprocessed soft 
X-ray emission. 

Of the 25 NELGs, 13 have absorbed X-ray spectra, 9 
of which can be fitted with a cold photoelectric absorber, 
and 4 of which require a more complex model with ei- 
ther an ionised absorber or an additional component of 
soft X-ray emission. Of the 6 absorption line galaxies in 
the sample, 2 show evidence for X-ray absorption, and 
both are consistent with a simple cold photoelectric ab- 
sorber. Of the 12 NELGs which do not show evidence for 
X-ray absorption, 2 have X-ray properties which suggest 
that their X-ray emission is powered by star formation. 
The other 14 NELGs and galaxies which are not X-ray 
absorbed have X-ray properties implying the presence of 
an AGN. At least at z < 0.8, where our R-band imaging 
probes the rest-frame optical starlight, these objects are 
luminous galaxies (M_r > M^), containing relatively low 
X-ray luminosity AGN (L2-10 < 2 x 10*^ erg s"^), and 
the lack of AGN signatures in the optical could be due 
to the dilution of the AGN radiation by the bright host 
galaxy. These objects are likely to be massive black holes 
(> 10* Mq) accreting with low Eddington ratios (< 0.01), 
rather than vigorous, low mass black holes. 

Finally, the sample contains 5 Galactic stars which 
have X-ray spectra consistent with optically thin thermal 
emission with a broad distribution of temperature, con- 
sistent with active stellar coronal emission. In 4 of the 5 
stars, the X-ray spectra alone can distinguish them from 
AGN at similar X-ray flux levels. 
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